Electric field effects in hyperexcitable neural tissue: a review.
Uniform electric fields applied to neural tissue can modulate neuronal excitability with a threshold value of about 1 mV mm(-1) in normal physiological conditions. However, electric fields could have a lower threshold in conditions where field sensitivity is enhanced, such as those simulating epilepsy. Uniform electrical fields were applied to hippocampal brain slices exposed to picrotoxin, high potassium or low calcium solutions. The results in the low calcium medium show that neuronal activity can be completely blocked in 10% of the 30 slices tested with a field amplitude of 1 mV mm(-1). These results suggest that the threshold for this effect is clearly smaller than 1 mV mm(-1). The hypothesis that the extracellular resistance could affect the sensitivity to the electrical fields was tested by measuring the effect of the osmolarity of the extracellular solution on the efficacy of the field. A 10% decrease in osmolarity resulted in a 56% decrease (n = 4) in the minimum field required for full suppression. A 14% in osmolarity produced an 81% increase in the minimum field required for full suppression. These results show that the extracellular volume can modulate the efficacy of the field and could lower the threshold field amplitudes to values lower than approximately 1 mmV mm(-1).